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The Effect of Patient Positioning on Adrenal Gland Linear Measurements Estimated from 1 
Computed Tomographic Images in Healthy Beagle Dogs 2 
Considering that recumbency can lead to a change in localization, detectability of distinct 3 
margins and thus measurement of the organs and reconstruction quality, it is of value to evaluate 4 
the effect of positioning on the objective evaluation of abdominal organs in computed 5 
tomography (CT).  The objective of the present study was to evaluate the effect of patient 6 
decubitus on adrenal gland CT biometry. For this purpose, six clinically healthy adult Beagle 7 
dogs underwent CT examination in four recumbencies. The various adrenal gland’s size 8 
measurements were performed by two observers. Statistical analyses revealed that repeatability 9 
and reproducibility was the highest on the ventral and right lateral recumbencies, respectively. 10 
Significant differences were found in the left adrenal glands length between the different 11 
positions (P<0.001) and the left adrenal glands width of the cranial pole measured in the dorsal 12 
plane (P<0.04). The measurements on the parasagittal images differed significantly for left 13 
adrenal length (P=0.01) and cranial pole height (P=0.03) and right adrenal gland’s lateral limb’s 14 
length (P=0.05) and medial limb’s caudal poles height (P<0.01). The caudal pole height of the 15 
right adrenal gland’s medial limb was significantly different (P<0.01) in all positions on the 16 
transverse images. Also, adrenal position differed significantly, except for the left adrenal gland 17 
relative to the nearest renal vessel (P=0.1). According to these results, it is recommended to 18 
perform a CT of adrenal glands always in the same recumbency. If adrenal glands are evaluated 19 
on images taken in various recumbencies, we suggest to rely on the measurements made on 20 
transverse plane images. 21 
Keywords: Canine, Diagnostic imaging, Recumbency, Biometry  22 
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1. Introduction 1 
The adrenal glands play an important role in the endocrine system by secreting catecholamines, 2 
mineralocorticoids and glucocorticoids[14]. Hypo- and hyperadrenocorticism are clinical 3 
manifestations that might originate from adrenal abnormalities and can be associated with 4 
morphological changes in those adrenal glands[16]. As diagnostic imaging is often used to 5 
evaluate abnormalities of the adrenal glands and to monitor treatment progress, practical and 6 
reliable guidelines to evaluate adrenal gland size should be developed[17].  7 
Ultrasonography is a practical, non-invasive, method for adrenal gland evaluation [17, 25] that is 8 
readily available. Computed tomography (CT) has however recently gained popularity for 9 
normal and abnormal canine adrenal gland evaluation[6, 7], and this has also resulted in an 10 
increased reporting of CT in veterinary diagnostic imaging literature[5, 6]. The CT appearance, 11 
volume and attenuation of normal canine adrenal glands, as well as morphologic changes in dogs 12 
with endocrinopathies have been described[11, 20]. In order to allow an accurate assessment of 13 
adrenal glands, producing high quality CT images is critical. Because of the narrow margins 14 
between normal adrenal measurements and adrenal size in patients with pituitary-dependent 15 
hyperadrenocorticism due to macroadenoma or microadenoma[11], assessing the effect of 16 
image-acquisition factors on the measurements might potentially improve diagnosis. 17 
This requires an in-depth evaluation of factors such as positioning that might influence an 18 
objective evaluation. 19 
Except for studies of the urogenital tract, the positioning for abdominal CT examination is 20 
frequently based on the preference of the examiner. However, ventral decubitus is often 21 
suggested for adrenal scanning[20]. Different recumbencies can lead to changes in localization, 22 
the detection of organ margins, and reconstruction quality[4]. In order to perform adrenal 23 
measurements with the highest repeatability (i.e. the variability between consecutive 24 
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measurements made by the same observer) and reproducibility (i.e. the variability between 1 
measurements made by different observers), it is important to evaluate the influence of 2 
recumbency and to identify the optimal positioning. 3 
The aims of this study were to: 4 
a. Evaluate the overall effect of patient decubitus on the adrenal gland size measurements 5 
on CT.  6 
b. Assess the repeatability and reproducibility of adrenal gland measurements in various 7 
recumbencies.  8 
c. Determine the displacement of the adrenal glands from adjacent landmarks in various 9 
positions.  10 
2. Material and Methods 11 
Six adult, neutered experimental Beagle dogs (4 males and 2 females) with a median weight of 12 
12.25 kg (range 11-13.7 kg) and a median age of 53 months (range 30-54 months) were used in 13 
this study. Based on physical examination, clinical history and blood work, all dogs were 14 
determined to be healthy. The Faculty of Veterinary Medicine ethical committee (Ghent 15 
University; EC 2014-181) approved the study. 16 
2.1 Image acquisition 17 
The dogs were fasted for 12 hours, anaesthetized using a 7 mg/kg bolus of propofol (Propovet, 18 
Schering-Plough, Comazzo, Italy)  IV, and intubated. Anaesthesia was maintained with 19 
isoflurane (IsoFlo, Abbott Laboratories, Queensborough, UK) in 100% oxygen.  20 
CT images were obtained using a 4-slice scanner (Lightspeed Qx/I, General Electric Medical 21 
Systems, Milwaukee, WI) with scan parameters of 120 kVp, 200 mA and 1.2 mm slice thickness 22 
with 0.6 mm interval in soft tissue algorithm and in helical scanning mode. The dogs were placed 23 
in four recumbencies for 15 minutes each— right lateral (RL), left lateral (LL), ventral (V) and 24 
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dorsal (D) — and then CT was performed from at least 5 centimetres cranial to the right kidney 1 
to at least 5 centimetres behind the left kidney’s caudal pole.  2 
2.2 Measurements 3 
The studies were anonymized by one author (IG) and analyzed by two observers (YV and 4 
AVCh) using work-station software Osirix (Osirix Medical Imaging Software version 4.1.2 5 
DICOM viewer, Pixmeo, Bernex, Switzerland). One observer (YV) measured the adrenal glands 6 
twice with a 4-week interval. All measurements were obtained on the multiplanar reconstruction 7 
(MPR) tool, based on the same measurement protocol. The images were reconstructed on the 8 
long and short axes of the adrenal glands at the time of measurement with the same operator. The 9 
dorsal, parasagittal, and transverse plane measurements were marked with numbers after each 10 
abbreviation (dorsal plane = 1, parasagittal plane = 2 and transverse plane = 3).  11 
Measurements of the left adrenal gland included the length (LAL1 and LAL2), the cranial pole 12 
width (LACrW1 and LACrW3), the caudal pole width (LACdW1 and LACdW3), the cranial 13 
pole height (LACrH2 and LACrH3) and the caudal pole height (LACdH2 and LACdH3). The 14 
right adrenal gland was measured for its medial limb’s length (RAML1 and RAML2), the lateral 15 
limb’s length (RALL2), the caudal pole medial limb width (RACdMW1 and RACdMW3), the 16 
caudal pole lateral limb width (RACdLW3), the caudal pole medial limb height (RACdMH2 and 17 
RACdMH3), the caudal pole lateral limb height (RACdLH2 and RACdLH3), and the height 18 
(RATH2 and RATH3) and width (RATW3) of its thickest part (Figure 1 and 2). 19 
The distance of the left adrenal gland from the caudal vena cava (CVC) (LADCVC1), renal 20 
vasculature (LADRV1; RADRV1) and the nearest rib (LADR1; RADR1) were also measured 21 
(Figure 1 and 2). 22 
2.3 Statistic  23 
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The statistical analysis was conducted with R (version R3.3.1, “Bug in your hair”, B. Carstensen, 1 
Copenhagen, Denmark) with the MethComp- and lme4-packages[8]. Overall, significance was 2 
set at P < 0.05. A stepwise approach was used. First, the repeatability and reproducibility of the 3 
individual gland size measurements were assessed with Bland-Altman plots for each of the four 4 
positions (dorsal, ventral, left lateral and right lateral). The t-test was used to assess whether 5 
there was a significant bias ̅, i.e. to assess whether the mean difference between measurements 6 
from observers significantly differs from zero. The obtained p-values were corrected for multiple 7 
testing using the Bonferroni-correction. For each adrenal gland size measurement, the position in 8 
which the inter- and intraobserver variability was best (i.e. the lowest variability of consecutive 9 
measurements between observers (reproducibility) and within observers (repeatability)), was 10 
determined. For each measurement, the best scoring position was recorded and, in the end, the 11 
position that scored the best most often was determined. This was done separately for the 12 
repeatability an reproducibility. 13 
In the second part of the analysis, the general effect of the animal’s position on the size and 14 
location of the adrenal glands was assessed with mixed models. For each size measurement and 15 
position measurement, a separate mixed model was made with the measurement as dependent 16 
variable and with animal as a random effect and position and observer (1 or 2) as fixed effects. 17 
Significance of the animal’s position was assessed with likelihood ratio tests. 18 
 19 
3. Results 20 
The results of the analyses of size differences in the different recumbencies for the various 21 
measurements are presented in table 1. A significant size difference between the different 22 
recumbencies was found for LAL1, LACrW1, LAL2, LACrH2, RALL2, RACdMH2 and 23 
RACdMH3.  24 
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For the repeatability, the ventral position scored best for nine of the measurements, the dorsal 1 
and right lateral positions for five and the left lateral position for four measurements, 2 
respectively (Figure 3). A significant bias was found for LACrH2 (̅ = 0.14, P= 0.01) and 3 
RACdMH2 (̅ = 0.11, P= 0.02) in ventral and dorsal recumbencies, respectively. 4 
For the positioning reproducibility, right lateral scored the best, followed by left lateral. Ventral 5 
and dorsal positioning scored worst (Figure 4). A significant bias was found for the LACrH2 6 
measurement in dorsal recumbency (̅ = 0.28, P= 0.02), RACdMH2 and RATW3 in ventral 7 
recumbency (̅ = 0.3, P< 0.01, ̅ = 0.17, P<0.01), dorsal recumbency (̅ = 0.36, P= 0.03 and ̅ = 8 
0.21, P=0.04 respectively), RACdLH3 in dorsal position (̅ = 0.18, P= 0.01), and RACdMH3 in 9 
dorsal and right lateral positions (̅ = 0.42, P <0.01 and ̅ = 0.21, P= 0.04 respectively) (Table 10 
2). 11 
The distance of the adrenal glands relative to adjacent landmarks differed significantly between 12 
the different recumbencies, except for the distance between the left adrenal gland and the nearest 13 
renal vessel (P= 0.1) (Table 3). 14 
4. Discussion  15 
This study was conducted to evaluate the effect of positioning on adrenal gland CT 16 
measurements. Overall, three objectives were assessed. The adrenal displacement from adjacent 17 
landmarks between various positions was evaluated and the repeatability and reproducibility of 18 
adrenal measurements in various recumbencies were determined. In addition, assessment of size 19 
differences in different positions was conducted.  20 
Other researchers assessed the effects of positioning on size, detectability, repeatability and 21 
reproducibility in adrenal evaluation using ultrasonography[3, 9], but to the best of our 22 
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knowledge, this is the first study on the effect of positioning on adrenal glands evaluation using 1 
CT. 2 
In this study, only non-contrast images were used; as it was not possible to obtain contrast 3 
images on four positions of the same animal without exposing the patient to higher doses of 4 
radiation, with only one injection and having the same enhancement to avoid bias. Intravenous 5 
administration of contrast medium would have resulted in a higher image contrast with a better 6 
margin discrimination; this would likely have resulted in a better repeatability score for 7 
measured values. 8 
In our study, the magnitude of the left adrenal gland cranial pole height measurements in the 9 
parasagittal plane but not in the transverse plane (LACrH2) differed among the various positions. 10 
This might be because of a combination of the orientation and the cranial pole anatomical shape 11 
(i.e., narrower side-to-side and less round but with a consistent shape)[9, 12]. Because the left 12 
adrenal gland height (LACrH, LACdH) and width (LACrW, LACdW) in the transverse images 13 
are not significantly different in several positions, transverse images are recommended for size 14 
determination, especially when multiple recumbencies are used. 15 
To the authors knowledge this is the first study that used CT to measure the right adrenal lateral 16 
limb (RALL, RACdLW and RACdLH). While its clinical relevance is currently unclear due to 17 
the lack of diseased patients, it was patent that significant size differences between various 18 
positions were found.  19 
The adrenal size is represented less accurately by the adrenal gland length[2, 12], which 20 
corresponds to RAML and LAL in this work. In addition, our study showed that the LAL was 21 
significantly different in various positions. Evaluating adrenal gland length based on these 22 
measurements is thus not ideal, especially for LAL and should be performed in the same 23 
recumbency. 24 
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According to a previous report[12], a more accurate adrenal size can be obtained from the 1 
adrenal gland height. In this study, a significant difference was found between the right adrenal 2 
medial limb caudal pole height (RACdMH) measurements in different positions. The same 3 
positioning for monitoring would thus be recommended to avoid misinterpretation. Also, a lower 4 
repeatability occurs in the evaluation of the right adrenal medial limb’s height in dorsal 5 
positioning measured in the parasagittal plane. This variability may have been caused by the 6 
close vicinity of the caudal pole of the right adrenal medial limb to the caudal vena cava, which 7 
may become prominent by gravity-related compression exerted by the abdominal organs, when 8 
in dorsal recumbency. 9 
Differentiation of the borders of the right adrenal gland and the caudal vena cava in the 10 
parasagittal plane was more subjective because of the border effacement between these 11 
structures. The difficulty of detecting organ limits in plain non-contrast images has also been 12 
reported in human medicine[15]; therefore, we recommend using images on the transverse plane 13 
to monitor the height of the right adrenal pole because using the free border which is not attached 14 
to adjacent organs is more assessable. 15 
It has already been reported that the displacement of abdominal organs in dorsal and ventral 16 
recumbency has an impact on radiation therapy planning[18]. In this study, the exact degree of 17 
displacement was not measured, but the position of the adrenal gland was compared to 18 
landmarks such as ribs, caudal vena cava and the nearest right renal vessel. The distance to 19 
several of those landmarks changed significantly with changes in position. The clinical relevance 20 
of these changes remains yet to be determined. 21 
Because the size of the adrenal gland and adrenal masses are an important factor which can 22 
predict malignancy fairly accurately and the serial CT examination is the best way to monitor the 23 
lesion’s progression, the measurements will affect surgeon’s preference to approach the adrenal 24 
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laparoscopically or via an open approach. Thus, certain measuerements help surgeons in 1 
planning the procedure and extent of surgery[1, 22]. 2 
Normal size ranges for healthy and diseased adrenal glands are available in literature based on 3 
age, size and breed of the dogs; however, it should be considered that overlap in the 4 
measurements of dogs with either disease and normal dogs is present[21]. The differences 5 
between normal and abnormal glands are presented at least in 1-3 mm in other references [10] . 6 
Since this difference may be very small, interpretation of disorders should be done with caution 7 
based on measurements which have presented with low reproducibility and repeatability in the 8 
present study. Although accuracy of length measurements is proofed in some abdominal 9 
organs[13], measurement of very small structures is limited by the spatial resolution of the CT 10 
system which exists both within the CT image plane and perpendicular to it. Additionally, 11 
measurement of very small structures is impacted by the spatial positioning of the object and the 12 
spatial resolution limitations of CT in all dimensions[19]. Different spatial resolution in various 13 
CT machines and imaging techniques and blooming artefacts affecting the border definition of 14 
small organs are presented as pitfals and errors affecting CT measurments in other studies[23, 15 
24]. Authors are aware of these limitations and bias with regard to the small size of canine 16 
adrenal gland’s relative to the resolution of CT and post contrast blooming artefacts. As, 17 
technical factors’ effects on the adrenal gland measurements are not considered in the present 18 
study, further investigation to assess the consequences of the different spatial resolutions is 19 
recommended. 20 
This study showed that there is no best specific recumbency scores fulfilling both reproducibility 21 
and repeatability. Although no explanation could be found, using the same position to evaluate 22 
the adrenal glands to obtain accurate diagnosis and monitoring is recommended. As no gross 23 
anatomical adrenal gland measurements were performed in this study, it remains unclear which 24 
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measurements in which position correspond to the actual adrenal gland size. In order to 1 
determine reference values, further studies with a larger number of dogs, different breeds with 2 
distinct anatomical conformations could be of interest.  3 
4.1 Conclusion  4 
Based on our results, no specific recumbency outperforms the other ones in terms of repeatability 5 
and reproducibility. However, due to the adrenal glands size differences in different positions, it 6 
is important to adhere to a standard recumbency for CT. The position of the adrenal gland 7 
changes significantly except when the distance between the left adrenal gland and the nearest 8 
renal vessel is used. As that distance was  consistent in the different recumbencies, it should be 9 
used in surgical planning. In conclusion, positioning the dog in the same recumbency to obtain 10 
CT images for diagnostic, surgical planning, radiotherapy, and monitoring is advised. 11 
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Table 1. Difference in size measurements among the various positions.  1 
Measurements 
in Dorsal 
MPR Plan 
 P Value Measurements 
in Parasagittal 
MPR Plan 
P Value Measurements 
in Transverse 
MPR Plan 
P Value 
LAL 0.000432*** LAL 0.01257* 
 
LACrW 0.1835 
LACrW 0.03578* LACrH 0.03058* LACrH 0.812 
LACdW 0.137 LACdH 0.3537 LACdW 0.6742 
RAML 0.07988 RAML 0.1748 LACdH 0.5817 
RACdMW 0.0796 RALL 0.04895* RACdMW 0.07724 
RACdLH 0.4647 RACdMH 0.00698** 
RACdMH 0.006769** RACdLW 0.09607 
RATH 0.173 RACdLH 0.1878 
RATH 0.3398 
  RATW 0.5036 
Significantly different measurements between various positions are bold (Sig codes: 0***, 2 
0.001**, 0.01*). Significance was assessed with a likelihood ratio test (see materials and methods 3 
section). Left adrenal length (LAL); Left adrenal cranial pole width (LACrW); Left adrenal 4 
caudal pole width (LACdW); Right adrenal medial limb’s length (RAML); Right adrenal medial 5 
limb caudal pole width (RACdMW); Left adrenal cranial pole height (LACrH); Left adrenal 6 
caudal pole height (LACdH); Right adrenal lateral limb length (RALL); Right adrenal lateral 7 
limb caudal pole height (RACdLH); Right adrenal medial limb caudal pole height (RACdMH); 8 
16 
 
Right adrenal height of the thickest part (RATH); Right adrenal lateral limb caudal pole width 1 
(RACdLW); and Right adrenal width of the thickest part (RATW). 2 
  3 
17 
 
Table 2. Mean and standard deviation (SD) in size measurements among the various positions.  1 
Measureme
nts/ 
Recumbenc
y 
 Dorsal Left lateral  Right lateral Ventral  
Mean 
(cm) 
SD Mean 
(cm) 
SD Mean 
(cm) 
SD Mean 
(cm) 
SD 
LAL1 2.481 0.327 2.382 0.287 2.423 0.335 2.520 0.314 
LACrW1 0.495 0.120 0.519 0.092 0.450 0.099 0.514 0.073 
LACdW1 0.675 0.098 0.682 0.077 0.637 0.044 0.694 0.101 
LAL2 2.457 0.319 2.383 0.309 2.405 0.302 2.476 0.305 
LACrH2 0.968 0.163 0.823 0.151 0.973 0.195 0.896 0.209 
LACdH2 0.719 0.097 0.737 0.130 0.802 0.099 1.292 1.868 
LACrW3 0.437 0.056 0.422 0.081 0.412 0.068 0.451 0.086 
LACrH3 1.221 0.136 1.194 0.235 1.214 0.096 1.172 0.123 
LACdW3 0.591 0.072 0.612 0.075 0.618 0.065 0.612 0.095 
LACdH3 0.823 0.0819 0.831 0.100 0.845 0.067 0.809 0.108 
RAML1 2.794 0.328 2.701 0.241 2.704 0.201 2.756 0.230 
RACdMW1 0.576 0.058 0.539 0.035 0.567 0.0525 0.579 0.069 
RAML2 2.759 0.251 2.752 0.307 2.748 0.195 2.894 0.246 
RALL2 1.575 0.175 1.580 0.223 1.677 0.221 1.678 0.184 
RACdMH2 0.489 0.058 0.569 0.119 0.533 0.0572 0.514 0.054 
RACdLH2 0.616 0.098 0.591 0.100 0.575 0.111 0.566 0.084 
RATH2 1.482 0.219 1.471 0.168 1.556 0.1670 1.520 0.218 
RACdMW3 0.510 0.088 0.521 0.063 0.543 0.072 0.560 0.039 
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RACdMH3 0.562 0.033 0.614 0.102 0.572 0.068 0.545 0.065 
RACdLW3 0.385 0.031 0.343 0.072 0.357 0.091 0.394 0.091 
RACdLH3 0.650 0.112 0.702 0.182 0.611 0.164 0.671 0.107 
RATH3 1.567 0.256 1.497 0.199 1.599 0.161 1.580 0.235 
RATW3 0.418 0.132 0.400 0.102 0.432 0.103 0.431 0.110 
Left adrenal length (LAL); Left adrenal cranial pole width (LACrW); Left adrenal caudal pole 1 
width (LACdW); Right adrenal medial limb’s length (RAML); Right adrenal medial limb caudal 2 
pole width (RACdMW); Left adrenal cranial pole height (LACrH); Left adrenal caudal pole 3 
height (LACdH); Right adrenal lateral limb length (RALL); Right adrenal lateral limb caudal 4 
pole height (RACdLH); Right adrenal medial limb caudal pole height (RACdMH); Right adrenal 5 
height of the thickest part (RATH); Right adrenal lateral limb caudal pole width (RACdLW); and 6 
Right adrenal width of the thickest part (RATW). 1: Measured in dorsal plane, 2: Measured in 7 
parasagittal plane and 3: measured in transverse plane. 8 
  9 
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Table 3. Difference in the adrenal gland location in different positions related to adjacent 1 
landmarks.  2 
Measurement P-value 
LADRV1 0.1 
LADCVC1 0.01 
LADR1 < 0.01 
RADRV1 < 0.01 
RADR1 < 0.01 
Significantly different measurements between various positions are bold. Significance was 3 
assessed with a likelihood ratio test (see materials and methods section). Left adrenal gland 4 
distance from the nearest renal vessels (LADRV1); distance from CVC (LADCVC1); distance 5 
from the nearest rib (LADR1) and right adrenal gland distance from the nearest renal vessels 6 
(RADRV1); and distance from the nearest rib (LADR1). 7 
  8 
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1 
 2 
Fig. 1. The measurement guideline on CT using the left adrenal gland image (arrow) in (A) 3 
dorsal, (B) parasagittal and (C) transverse reconstruction planes and (D) schematic guidelines for 4 
measurements: (*) Length (LAL1); (†) Cranial pole width (LACrW1); (‡) Caudal pole width 5 
(LACdW1); (§) Distance from the nearest renal vessel (LADRV1); (||) Distance from CVC 6 
(LADCVC1); (¶) Distance from the nearest rib (LADR1); (#) Length (LAL2); (**) Caudal pole 7 
height (LACdH2); (††) Cranial pole height (LACrH2); (‡‡) Pole width at the cranial pole 8 
(LACrW3) and caudal pole levels (LACdW3); (§§) Pole height at the cranial pole (LACrH3) and 9 
caudal pole levels (LACdH3). 10 
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1 
 2 
Fig. 2. The measurement guideline on CT using the right adrenal gland image (arrow) in the (A) 3 
dorsal, (B) parasagittal and (C) transverse reconstruction planes and (D) schematic guideline for 4 
measurements: (*) Length (RAML1); (†) Caudal pole width (RACdMW1); (‡) Distance from the 5 
nearest renal vessel (RADRV1); (§) Distance from the nearest rib (RADR1); (||) Caudal pole 6 
height (RACdH2); (¶) Caudal pole height of the lateral limb (RACdLH2); (#) Height of the 7 
thickest part (RATH2); (**) Length of the medial limb (RAML2); (††) Length of the lateral limb 8 
(RALL2); (‡‡) Caudal pole width of the medial limb (RACdMW3), lateral limb (RACdLW3) 9 
and width of the thickest part (RATW3); (§§) Caudal pole height of the medial limb 10 
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(RACdMH3), lateral limb (RACdLH3) and the thickest part (RATH3).1 
 2 
Fig. 3. The height of each bar shows the number of times a position scored best (i.e. had the 3 
lowest variability of all 4 positions) for a specific measurement in the intraobserver evaluation. 4 
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 1 
Fig. 4. The height of each bar shows the number of times a position scored best (i.e. had the 2 
lowest variability of all 4 positions) for a measurement in the interobserver evaluation. 3 
 4 
Table 1. Difference in size measurements among the various positions. Significantly different 
measurements between various positions are bold (Sig codes: 0***, 0.001**, 0.01*). Significance 
was assessed with a likelihood ratio test (see materials and methods section). Left adrenal length 
(LAL); Left adrenal cranial pole width (LACrW); Left adrenal caudal pole width (LACdW); 
Right adrenal medial limb’s length (RAML); Right adrenal medial limb caudal pole width 
(RACdMW); Left adrenal cranial pole height (LACrH); Left adrenal caudal pole height 
(LACdH); Right adrenal lateral limb length (RALL); Right adrenal lateral limb caudal pole 
height (RACdLH); Right adrenal medial limb caudal pole height (RACdMH); Right adrenal 
height of the thickest part (RATH); Right adrenal lateral limb caudal pole width (RACdLW); and 
Right adrenal width of the thickest part (RATW).  
Measurements 
in Dorsal 
MPR Plan 
 P Value Measurements 
in Parasagittal 
MPR Plan 
P Value Measurements 
in Transverse 
MPR Plan 
P Value 
LAL 0.000432*** LAL 0.01257* 
 
LACrW 0.1835 
LACrW 0.03578* LACrH 0.03058* LACrH 0.812 
LACdW 0.137 LACdH 0.3537 LACdW 0.6742 
RAML 0.07988 RAML 0.1748 LACdH 0.5817 
RACdMW 0.0796 RALL 0.04895* RACdMW 0.07724 
RACdLH 0.4647 RACdMH 0.00698** 
RACdMH 0.006769** RACdLW 0.09607 
RATH 0.173 RACdLH 0.1878 
RATH 0.3398 
  RATW 0.5036 
 
Table 2. Mean and standard deviation (SD) in size measurements among the various positions. 
Left adrenal length (LAL); Left adrenal cranial pole width (LACrW); Left adrenal caudal pole 
width (LACdW); Right adrenal medial limb’s length (RAML); Right adrenal medial limb caudal 
pole width (RACdMW); Left adrenal cranial pole height (LACrH); Left adrenal caudal pole 
height (LACdH); Right adrenal lateral limb length (RALL); Right adrenal lateral limb caudal 
pole height (RACdLH); Right adrenal medial limb caudal pole height (RACdMH); Right adrenal 
height of the thickest part (RATH); Right adrenal lateral limb caudal pole width (RACdLW); and 
Right adrenal width of the thickest part (RATW). 1: Measured in dorsal plane, 2: Measured in 
parasagittal plane and 3: measured in transverse plane.  
Measureme
nts/ 
Recumbenc
y 
 Dorsal Left lateral  Right lateral Ventral  
Mean 
(cm) 
SD Mean 
(cm) 
SD Mean 
(cm) 
SD Mean 
(cm) 
SD 
LAL1 2.481 0.327 2.382 0.287 2.423 0.335 2.520 0.314 
LACrW1 0.495 0.120 0.519 0.092 0.450 0.099 0.514 0.073 
LACdW1 0.675 0.098 0.682 0.077 0.637 0.044 0.694 0.101 
LAL2 2.457 0.319 2.383 0.309 2.405 0.302 2.476 0.305 
LACrH2 0.968 0.163 0.823 0.151 0.973 0.195 0.896 0.209 
LACdH2 0.719 0.097 0.737 0.130 0.802 0.099 1.292 1.868 
LACrW3 0.437 0.056 0.422 0.081 0.412 0.068 0.451 0.086 
LACrH3 1.221 0.136 1.194 0.235 1.214 0.096 1.172 0.123 
LACdW3 0.591 0.072 0.612 0.075 0.618 0.065 0.612 0.095 
LACdH3 0.823 0.0819 0.831 0.100 0.845 0.067 0.809 0.108 
RAML1 2.794 0.328 2.701 0.241 2.704 0.201 2.756 0.230 
RACdMW1 0.576 0.058 0.539 0.035 0.567 0.0525 0.579 0.069 
RAML2 2.759 0.251 2.752 0.307 2.748 0.195 2.894 0.246 
RALL2 1.575 0.175 1.580 0.223 1.677 0.221 1.678 0.184 
RACdMH2 0.489 0.058 0.569 0.119 0.533 0.0572 0.514 0.054 
RACdLH2 0.616 0.098 0.591 0.100 0.575 0.111 0.566 0.084 
RATH2 1.482 0.219 1.471 0.168 1.556 0.1670 1.520 0.218 
RACdMW3 0.510 0.088 0.521 0.063 0.543 0.072 0.560 0.039 
RACdMH3 0.562 0.033 0.614 0.102 0.572 0.068 0.545 0.065 
RACdLW3 0.385 0.031 0.343 0.072 0.357 0.091 0.394 0.091 
RACdLH3 0.650 0.112 0.702 0.182 0.611 0.164 0.671 0.107 
RATH3 1.567 0.256 1.497 0.199 1.599 0.161 1.580 0.235 
RATW3 0.418 0.132 0.400 0.102 0.432 0.103 0.431 0.110 
 
Table 3. Difference in the adrenal gland location in different positions related to adjacent 
landmarks. Significantly different measurements between various positions are bold. 
Significance was assessed with a likelihood ratio test (see materials and methods section). Left 
adrenal gland distance from the nearest renal vessels (LADRV1); distance from CVC 
(LADCVC1); distance from the nearest rib (LADR1) and right adrenal gland distance from the 
nearest renal vessels (RADRV1); and distance from the nearest rib (LADR1). 
Measurement P-value 
LADRV1 0.1 
LADCVC1 0.01 
LADR1 < 0.01 
RADRV1 < 0.01 
RADR1 < 0.01 
 
 










 Highlights: 
• Positioning in CT acquisition affects the measurements of the adrenal glands.  
• The measurements from the images which were taken in ventral position scored as 
the best repeatable measurements. 
• For the positioning reproducibility, right recumbency scored the best, followed by 
left lateral. Ventral and dorsal positioning scored worst. 
• The distance of the adrenal glands relative to adjacent landmarks differed 
significantly between the different recumbencies, except for the distance between 
the left adrenal gland and the nearest renal vessel. 
